Background: Despite recent advances in the treatments of hepatocellular carcinoma (HCC), the prognosis of HCC patients remains controversial. The purpose of this study was to investigate the prognostic performance of pretreatment albumin to C-reactive protein ratio (ACR) in patients with HCC. Methods: This study included 409 initially diagnosed HCC patients retrospectively. The optimal cut-off points for distinguishing high and low ACR value was determined by the X-tile software. The chi-squared test was used for comparing the baseline clinicopathologic parameters in different groups and subgroups. The Cox regression with log-rank tests was used to analyze OS and DFS, and Kaplan-Meier curves was used to estimate the prognosis of HCC patients. Conclusions: Pretreatment ACR is a convenient and useful parameter for HCC patients predicting OS and DFS. Lower ACR was associated with advanced TNM stage, larger tumor size, and a high concentration of AFP. These results may help to design strategies to personalize management approaches among HCC patients.
Background
Hepatocellular carcinoma (HCC) is the major histological subtype of primary liver cancer, and is one of the most common causes of cancer-related death worldwide, accounting for 788,000 deaths in 2015 [1] . Due to the initial symptoms of HCC are not obvious, many patients are in advanced stage when they are diagnosed, which leads to a poor prognosis. In the past decades, more and more attention has been paid to the relationship between inflammatory factors and tumors, many inflammationbased prognostic models had been reported in clinical oncology [2, 3] . Factors such as hepatitis B or C virus, aflatoxin, alcoholic or non-alcoholic cirrhosis, and smoking are all associated with the occurrence of HCC. In southeast Asian countries, cirrhosis caused by HBV infection is one of the main risk factors for HCC, from chronic hepatitis B to cirrhosis, and then to HCC. It has been found that immune inflammatory response is an important pathological process of tumor development, immune status and chronic inflammation play a significant role in promoting tumor recurrence and metastasis, which is closely related to poor prognosis. HCC is characterized by chronic systemic inflammation due to its unique etiological link with chronic hepatitis, which is related with the release of circulating inflammatory cytokines [4] . In recent years, a series of indicators are often reported in the prognosis of HCC, such as platelet / lymphocyte ratio (PLR), inflammation-based index (IBI), neutrophil / lymphocyte ratio (NLR), and the systemic immune-inflammation index [5] [6] [7] [8] .
C-reactive protein (CRP) is an acute phase protein, secreted by hepatocytes, can reflect the inflammation of the body under the regulation of pro-inflammatory factors [9] . Previous studies have demonstrated that high levels of CRP are associated with poor prognosis in many malignancies, including lung cancer, breast cancer, castration-resistant prostate cancer, gastric cancer, and colorectal cancer [10] [11] [12] [13] [14] . Albumin, also synthesized by hepatocytes, can reflect not only the nutritional status, but also the liver function. Albumin, is another important independent prognostic factor for many cancers, including HCC [15] . The decrease in albumin concentration is often caused by progressive weight loss and cachexia. Studies have shown that albumin levels in HCC patients are significantly lower than those in non-HCC patients, which may be related to liver dysfunction, HCC cell growth or liver damage caused by systemic inflammation [16] . It is generally considered that the treatment options are affected by tumor stage and liver function. Serum albumin, as one of the five elements of the Child-Pugh classification of liver function, is associated with the BCLC staging system [17] . The purpose of this study was to investigate the role of albumin to C-reactive protein ratio (ACR) as a significant and independent factor for HCC prognosis, and its relationship with clinical outcomes.
Methods

Patients
The current study has enrolled 925 participants from January 2008 to December 2012. There were 356 patients excluded due to non-first admission, 92 patients were metastatic hepatic carcinoma, 22 patients were concurrent with another tumor, 38 patients have received treatments in other hospitals. Eight additional patients were excluded due to incomplete clinical data. Thus, 409 newly diagnosed and untreated HCC patients were finally included. (Fig. 1.) Patient clinical data, including age, gender, diagnosis, smoke exposure, alcohol exposure, family history of cancer, treatment exposure, tumor size, TNM stage, date of the surgery, date of death, hepatitis B surface antigen (HBsAg), alphafetoprotein (AFP), C-reactive protein (CRP), albumin (ALB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood platelet (PLT), absolute neutrophil count (NEUT), absolute lymphocyte count (LYMPH), neutrophil-to-lymphocyte ratio (NLR), platelet -to-CRP ratio (PCR), albumin-to-CRP ratio (ACR), and follow-up results were collected and calculated. Clinical staging of HCC was determined by TNM classification system [18] . The inclusion criteria for clinical cases were as follows: 1) have a clear histological or cytological diagnosis of hepatocellular carcinoma, 2) adequate clinicopathological and follow-up data, 3) routine blood examination were performed after admission and without preoperative adjuvant therapy, and 4) staged on the basis of TNM staging system. The exclusion criteria were as follows: 1) concurrent with other tumors or other types of liver cancer, 2) had prior treatments, 3) patients whose pretreatment laboratory data were not available, or without complete clinical data such as the TNM stage.
Ethics statement
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Patient follow-up
All patients were followed up by telephone, out-patient and medical records after initial treatment. All cases were followed until June 30, 2016. The prognostic endpoints of this study were OS (overall survival) and DFS (disease-free survival). The endpoint of OS was defined as the death from HCC. The end-point of DFS was defined as recurrence or death from any causes. The total survival time was from the diagnosis to the end of the follow-up or at the end of the event. Patients still survive at the time of the last follow-up, or follow-up shedding of any cases for any reasons were defined as censored.
Statistical analysis
All data were analyzed by SPSS19.0 software (IBM, Chicago, IL, USA). The X-tile software (version: 3.6.1, Copyright Yale University 2003-2005) was applied to determine the optimal cutoff points for the CRP, NLR, PCR, ACR. The baseline clinicopathologic features in different subgroups were compared by Pearson's Chisquare test (Fisher's exact test). Kaplan-Meier analysis was used to compare the overall survival rate and disease-free survival rate between groups or subgroups, and the difference was compared by log-rank test. Cox proportional hazard regression model with univariate and multivariate analysis was used to explore the prognostic factors. A p < 0.05 was considered significant statistically in this study.
Results
Definition of cut-off value
We applied the X-tile software [19] to determine the optimal cut-off value of Albumin / CRP ratio for OS and DFS, and the patients were classified into low ACR (< 5.4, n = 173) and high ACR groups (≥ 5.4, n = 236) (Fig. 2) . The results demonstrate that a value of 5.4 had the most significant predictive value for OS (p < 0.0001, log-rank chi-square value = 65.1941, the relative risk of low ACR / high ACR: 2.08 / 1.00). Meanwhile, the optimal cut-off values of CRP, NLR, and PCR were also defined by the Xtile software. The optimal cut-off values of AFP, ALB, ALT, AST, and PLT were defined with medical decision level or medical reference range.
Patient characteristics
The clinical characteristics and demographics of the 409 HCC cases were shown in Table 1 . The majority of the patients included in this study were male (n = 369, 90.2%). In the low ACR group, there were 157 patients were males (38.4%) and 16 were females (3.9%), the median age was 50 (range 24-87) years. Seventy-seven cases (18.8%) with smoking history, 56 cases (13.7%) had a history of alcohol exposure, and 37 cases (9.0%) have a family history of cancer. One hundred and fifty-one patients (36.9%) with hepatitis B surface antigen positive. While in the high ACR group, 212 patients (51.8%) were males and 24 (5.9%) were females, the median age was 53 (range 13-94) years. Ninety-five cases (23.2%) had a When it comes to treatment options, 193 patients (47.2%) underwent hepatic resection, while the others (n = 216, 52.8%) were given other treatment options, such as transcatheter arterial chemoembolization (TACE, n = 173, 42.3%), radiofrequency ablation (RFA, n = 23, 5.6%) and chemotherapy (n = 20, 4.9%). Two hundred and fiftyseven patients (62.8%) had larger tumor size (≥ 5 cm), 178 patients (43.5%) with an advanced stage of HCC. Significant differences can be seen between the two subgroups in treatment exposure (hepatic resection vs. others), in tumor size (< 5 cm vs. ≥ 5 cm), in TNM stage (I, II vs. III, IV), in serum AFP level (< 400 ng / mL vs. ≥ 400 ng / mL), in serum CRP level (< 6.7 mg / L vs. ≥ 6.7 mg / L), in serum albumin level (< 40 g / L vs. ≥ 40 g / L), and in platelet / CRP (< 47.8 vs. ≥ 47.8).
Survival analysis
Among the 409 HCC patients, there were 166 cases died during follow-up, including 165 patients died of HCC, 1 patient died of massive hemorrhage of the digestive tract. One patient had received liver transplantation during follow-up; however, it turns out to die of HCC. The mean OS of the low ACR group was 35.060 months (95% CI, 29.217-40.904 months) vs. the high ACR group, 65.930 months (95% CI, 61.447-70.414 months). The 1-, 3-, and 5-year OS rate were 53.6, 34.5, and 32.7% for the low ACR group, respectively, and were 88.9, 70.9 and 69.1% for the high ACR, respectively. The Kaplan-Meier analysis assessed the OS and DFS for all patients of two groups were shown in Fig. 3 . The results showed a significant correlation between high ACR group and longer OS (p < 0.0001), which indicated that patients with high ALB and low CRP level had a better prognosis.
Univariate and multivariate analyses for OS and DFS
Univariate and multivariate Cox proportional hazards regression of prognostic factors for OS were shown in Table 2 . In the univariate analysis, the significant factors were tumor size (HR = 4.332; 95% CI: 2.896-6.482; p < 0.001), TNM stage (HR = 0.211; 95% CI: 0.152-0.293; p < 0.001), treatment exposure (HR = 3.005; 95% CI: 2.157-4.188; p < 0.001), AFP (HR = 2.297; 95% CI: 
Subgroup analysis for OS and DFS
Notably, as albumin / CRP ratio was significant associated with other parameters, we therefore performed subgroup (Fig. 4d) , in serum AFP level < 400 ng / mL (Fig. 4h) . However, Kaplan-Meier analyses and logrank tests demonstrated the OS rate and DFS rate of all HCC patients underwent hepatic resection significantly higher than those accepted other treatment options (both p < 0.0001) (Fig. 5a, b) . In hepatic resection subgroup, the 1-, 3-, and 5-year OS rate of the high ACR group were significantly higher than those of the low ACR group (93.8, 77.3, 75.2% vs. 80.5, 61.2, 61.2%, respectively, p = 0.0229) (Fig. 5c) , the 1-, 3-, and 5-year DFS rate of the high ACR group were significantly higher than those of the low ACR group (92.3, 76.5, 74.4% vs. 77.0, 61.2, 61.2%, respectively, p = 0.0253) (Fig. 5d ).
Discussion
Prognosis assessment is an important step in HCC management. Although treatment options have been made significant progress, the prognosis of HCC patients still remains substandard. Any attempts to evaluate prognosis should take the tumor stage, the degree of liver function damage, and the presence of tumor-related symptoms into account [20] . Systemic inflammatory response was considered to be essential factor in the development of malignancies. As one of the acute phase proteins produced by the hepatocytes, CRP has many biological functions, Jun et al. have expounded that a high serum CRP level was associated with larger tumor lesions in patients with HCC [21] . In addition, Kim et al. had indicated that serum CRP levels on the fourth day was the best predictor of postoperative complications after gastrectomy [13] . Albumin is the most important protein in plasma, which represents nutritional status and maintains osmotic pressure. Forrest et al. had revealed that high levels of CRP and hypoproteinemia could be used to evaluate the prognosis of 161 inoperable non-small cell lung cancer patients [22] . Ishizuka et al. had designed their study to assess the prognostic value of CRP / albumin ratio in patients with colorectal cancer, which could predict the survival rate after the colorectal resection [14] . With regard to hepatocellular carcinoma, Kinoshita et al. had retrospectively evaluated 186 HCC patients and revealed that the pretreatment CRP / albumin ratio might be a reliable prognostic factor [23] . However, the albumin / CRP ratio, also considered as the Inflammatory-Nutritional Index (INI), is seldom reported with a prognosis of cancer. The current study firstly investigated the clinical and prognostic implication of albumin / CRP ratio (ACR) in patients with HCC. In this study, we retrospectively evaluated the albumin / CRP ratio as a prognostic factor in 409 newly diagnosed HCC patients. The results of Cox regression analysis suggest that the pretreatment ACR was an independent factor for HCC prognosis, high ACR is associated with better List of Abbreviations: HBsAg hepatitis B surface antigen, AFP alpha-fetoprotein, CRP C-reactive protein, ALB albumin, ALT alanine aminotransferase, AST aspartate aminotransferase, PLT platelet, NLR neutrophil-to-lymphocyte ratio, PCR platelet -to-CRP ratio, ACR albumin-to-CRP ratio outcome in HCC patients. In the univariate analysis of OS and DFS, the significant prognostic parameters are tumor size, TNM stage, treatment exposure, serum AFP level, serum CRP level, serum albumin level, albumin / CRP ratio, and platelet / CRP ratio. In the multivariate analysis, the results indicated that tumor size, TNM stage, treatment exposure, serum AFP level, and albumin / CRP ratio were independent factors for HCC prognosis. The results indicated that treatment exposure, TNM stage, and tumor size, have higher HR value than ACR and AFP, which mean that they have a greater weight in representing its prognosis. However, these parameters were all subjective clinical features, while ACR and AFP were reliable markers that can be easily detected in peripheral blood. Accordingly, clinicians can make a preliminary judgment on the prognosis of HCC patients. We also analyzed the correlation between ACR and certain clinical parameters in subgroups. The results suggested that tumor size, TNM stage, treatment exposure, and serum AFP level are significantly correlated with ACR. Notably, patients underwent . e OS rate in the subgroup of AFP < 400 ng / mL. f DFS rate in the subgroup of AFP < 400 ng / mL. g OS rate in the subgroup of platelet / CRP < 47.8. h DFS rate in the subgroup of platelet / CRP < 47.8
hepatectomy seem had a better prognosis of OS and DFS, compared with other treatment options, including TACE, RFA, and chemotherapy. This may explain that hepatectomy was the main treatment option for HCC patients without cirrhosis [20] . El-Serag HB et al. had revealed that hepatectomy will be a priority for patients with early-stage, presenting a diameter of less than 5 cm, or no more than three nodules, which is associated with an OS rate of 90% [24] . This also reveals that tumor size and TNM stage are correlated with OS. Although previous studies have demonstrated that Neutrophil-to-Lymphocyte Ratio (NLR) was a reliable prognostic factor for OS in HCC patients [5, [25] [26] [27] . However, in the present study, no significant differences of NLR for OS in HCC patients was observed. As to ALT and AST, are commonly measured clinically as biomarkers for liver health. Our previous study has indicated that high preoperative AST concentrations can be used as prognostic factors for NSCLC when the cutoff value was 19 U / L [28] . Yet no association with the prognosis of HCC patients was shown in the present study. The possible explanations for the inconsistencies mentioned above may as follows: firstly, all the subjects involved in our study are Chinese, whereas other reports were different ethnic population; secondly, we performed the X-tile software to defined the optimal cut-off value, while other studies used ROC curves; last but not the least, the methods for detecting blood samples may be different, which could affect the results.
Serum AFP is currently the most commonly used as diagnosis and surveillance for hepatocellular carcinoma. However, serum AFP levels have low sensitivity (25 to 65%), when using a cutoff point of 20 ng / mL, for the detection of HCC. When it comes to HCC diagnosis, an AFP level of 400 ng / mL or higher also has great predictive value [29] . Despite its low sensitivity in the diagnosis of HCC, serum levels of AFP still served as an independent factor for HCC prognosis in our study. In the subgroup of AFP < 400 ng / mL, the 1-, 3-, and 5-year OS rate of the high ACR group were significantly higher than those of the low ACR group (95.4, 79.8, 77.9% vs 62.2, 40.8, 39.4%, respectively; p < 0.0001). However, An et al. demonstrated that pretreatment serum AFP with a cutoff point of 20 ng / mL served as a reliable predictor of prognosis among HCC patients underwent hepatectomy in a single-center cohort from China, which enrolled 251 HCC patients [30] . Therefore, whether serum AFP, with a cutoff point of 20 ng / mL, can serve as another independent factor of OS for HCC patients in our cohort need further investigation.
A major strength of this study is that it firstly analyzed the ACR as a significant and independent factor for OS and DFS, involving 409 newly diagnosed HCC patients, retrospectively. However, it still has some limitations. First, the majority of cases included in this study were HCC patients with hepatitis B virus infection, and consequently, these results may not be applicable to patient cohorts from Western countries, who are usually dominated by hepatitis C virus infection. Second, since it is a single-center cohort, this study needs a multi-center prospective design in a larger population to validate our results. Third, our study only analyzed the impact of some parameters on the OS and DFS in HCC patients, while other parameters such as prothrombin induced by vitamin K absence-II (PIVKA-II) [31] , carcinoembryonic antigen (CEA) [32] , the Barcelona Clinic Liver Cancer (BCLC) staging system [33] , were not taken into account in this study.
Conclusions
From the above discussion, the conclusion can be reached that pretreatment ACR was a significant and independent factor for OS and DFS in patients with HCC. Pretreatment ACR was correlated with tumor size, TNM stage, treatment exposure, and serum AFP levels. Due to the mechanism of ACR in HCC patients is not clear, further prospective analyses should be conducted with larger population or multi-center cohorts. 
